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Japanese Patent Laid-Open Publication No. Heisei 9-8205 

(TITLE OF THE IKVEMTICN} 
RES IN- ENCAPSULATED SEMICONDUCTOR CEVICE 

•CLAIMS j 

I. A res in-encapsulated semiconductor device •_ s : r 
a lead frame which is shaped ir. accordance wi-.h a twc-ste 
etching process to a body wherein a thickness cf inner 

arte blank. 



leads is less than that cf the lead f r am 



inner leads having the thickness less than that cf the 
lead frame blank; and 

terminal columns integrally connected the inner 

leads and having the same thickness with the lead frame 
clank, the terminal columns possessing a cclumn-shaped 
configuration which is adapted tc be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, the terminal columns 
having terminal portions arranged on top ends thereof, the 
terminal portions being made of solders, etc. and exposed 
to the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 
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surfaces i„cl»dir.g a first surface, a secea<j 
third surface and a fourth surface, the first surface heir 
f.ushed with one surface of a remaining po.cicr. of tr. 
ir.ner lead having the sane thickness with the lead frarr. 
biar.k while being opposed to the second surface, and eac 
of the third and fourth surfaces having a concave snap, 
depressed toward the inside of the ir.ner lead. 

2. A resin-encapsulated semiconductor device uscng 
a lead frame which is shaped in accordance with a two-step 
etching process to a body wherein a thickness of inre- 
leads is less than that cf the lead frame blank, 
comprising : 

ir.ner leads having the thickness less than that of the 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing- a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and having four surfaces inducing a fi 
surface, a second surface, a third surface and a * — 
surface, the first surface he in.- flashed 
cf a regaining portion of the inner lead ------- 



zr.Lzkr.ess with the lead frame bla: 
the seccnd surface, and each cf 



..c g zr.e sa 

< . -h lie being cpccsed 
e third s - *■■ - — - 
surfaces having a ccncave shape depressed reward the Lr.si 
cf the inner lead. 



The resir.-erjcaosulsred s*~- ^ • ^ a 

— w w..w-, — w r device a 

claimed in claims 1 or 2, wherein a semiconductor chip i 

received inward of the inner leads, and electrodes of th 

semiconductor chip are electrically connected to the inne 

leads through wires, respective! v. 



<• The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame has a die pad, 
end the semiconductor chip is mounted onte the die pad. 

5. The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip is fastened to the 
inner leads using a reinforcing fastener tape. 



6. 



The resin-encapsulated semiconductor device a: 
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claimed in claims 1 or 2, where,, the semiconductor chip : 
fastened by means of instating adhesive to the sect-. 
surfaces of the inner leads on cne surface there - cn wh- = 
tr.e electrodes are located, and the electees cf th 
semiconductor chip are electrically .connected to the 
surfaces of the inner leads through wires, respectively. 



7. 



The resin-encapsulated semiconductor device 



as 

claimed in claims 1 or 2, wherei 



■ r> the semiconductor chip 



s 



fastened to the second surfaces of the inner leads by bumps 
-hereby to be electrically connected to the inner leads. 



.•DETAILED DESCRIPTION OF THE INVENTION] 
I FIELD OF THE INVENTION] 

The present invention relates to a resin- 
encapsulated semiconductor device capable of meeting the 
requirement for an increase in the number of terminals and 
resolving problems which are caused in association with 
position shift and coplanarity of an outer lead. 

[DESCRIPTION OF THE PRIOR ART) 

"6. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device (a plastic 
lead frame package). The shown resin-encapsulated 

semiconductor device includes a die pad 15U having a 
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semiconductor chip :52c r , 0u , :6d . h . r . e! . ( ou . er ^ , = 
" bS e:e «--"^->- connected tc -.he ...oei.-..- e . 



inner ieads - 0 ,- med ,„„,_,, 



recreliy with the cuter isa 
:5:3, icr.ci-9 "ires iS30 for elecrricaiiv ccn 

tiP * Sf -~* - «» Pcnd,-. ; P4i -'- 

.er.iccr.duc-.cr chip :S20, and a resin ii<0 e.ncacsulat • -- - 
ser.iccnddc-.cr chip : 520 -.o protect -.he 

»2> fro., ex-.err.ai stresses and ccn-.an-.inar.es. This res . 

en=ac S c<a-.ed .^conductor device. after ,0,-.-.-.--= -v. 

ser.ic=r.d,,ccr =hi P !5 20 cn -.he dendrn, ? ad ;B2:. is 
ca.-.u.-acrured by er.o.psu • a-.ir. s -.he ser-.iccnduc-.cr chio -20 
with -.he resin. .-„ tkl , resir.-e.ncapsuia-.ed semiconductor 
device, -.he n-^er =f s „. : . id , mj „ ^ 

cf --"-e bcndir.c Dads 152* ->■- 

' • c " -~ e semiconductor chip 2520. 

And, TZZ. 15 :b) shows the conf -e- 

- -- c -- on c- a monolayer lead 

frarr.e •>;■««' sc •« u, 

~~ - ne -esir.-encapsulated 

semiconductor device shown in F " ■ c k 

r--. .5a. Such a lead frame 

includes th . bendlr „ pad Jsn ^^^^ t ^ 

ae.iconddc.or c hIp . the inner w . je 
oonnec-.ed to the semiconductor chip, the outer iead 1S » 
-Meh is inte 9 r.l with the inner ieads S$ „ and is to be 

electrically connected to the associar-n 

associated circuits. This 

.-.o includes d . m b . rs !3:4 ..^ ^ # ^ ^ 
encapsuiatin, the semiconductor chip with the resin, and a 
'rame IMS s.rvin, to support the entire ,ead frame J51 0 
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Such a lead frame is formed from a highly conducive metal 

such as a cobalt, 42 aiioyfa 42* Ni-Fe aliov' ~~ 

alloy by a pressing working process cr an etchi.nc crcress. 

"3. iDjb.MD; is a cross-sectional view taker. 

line TI-T2 cf FIG. 25(b) ( -f ) . 

Recently, there has been growing demand for t.-.e 
niniaturitaticn and reduction in thickness cf resin- 
encapsulated semiconductor device employing lead frames 
like the lead frame (plastic lead frame package? and 



increase cf the number cf terminals cf 



he 

esir.-er.capsulated 



semiconductor oackaoe as 

• - cS e - e = apparatuses are 

-iniaturirec progressively - he cggree &; ..^ 

integration cf semiconductor device increase progressively. 
Thus, recent resin-encapsulated semiconductor package, 
particularly quad plate package far?. , arsd thia quad fl£ . 

packages <7QF?s, have each a greatly increased number of 
pins . 

Lead frames having inner leads arranged at small 
Pitches among lead frames for semiconductor packages ar 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by press working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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= process, net a press 



the order of 0.25 mm to an ezzr.- 



working. 

The etching process for fcrr.mg a : ££= - , 

— . — T 

'-•-.e inner leads win be -> = — ^ 

-e _e ; sea r.ereir.af ter 

reference to FIG. 24. fir«- = ... 

, e ...per a..oy or ^2 alley 

thin sheet of a thickness on the order of C.25 rr.m :a lead 
frame blank 1.10, is cleaned perfectly (FIG. Then , 
a Photoresist, such as a vater-scl-le casein photoresist 

containing potassium si c ;~ r -- s - a sc . 

"~ ~ - c vs agent, is 

spread in photoresist films *^2" — p- -k 0 

..e. .he r,a;or surfaces of 

-he thin film £S shown in FIG. K ;b; . 
Then, the photoresis' 



are exposed, through a 

~ask of a predetermined oatt*— - 3 k.;. 

.= , _ o lig.-.t emitted by a 

high-pressure mercurv ia.r.o, a-~ _ », , . 

. -«....-. a.._ ... e .hin sneet is immersed 

*« a d.v. 2op . t f8r d.v.aops.r.-. -.= f =r , a p . tterned 

Phs '- C5Ml,t !iLm :<3 ° " - r:o. 14 , e) . Then, the 

•-hin sheet is subjected. when need _ bi> „ , 

Process. . wasMn, process end such, and then an etchant 

containing ferric chloride as a , 

e as a Principal component is 

sprayed against the thin sheet 1C10 to etch through 
portions of the thin sheet 2410 not coated with the 
patterned photoresist films 2020 so that inner leads of 
predetermined size s and shapes are formed as shown in FIG. 
14 (d, . 
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"hen, the patterned res- S - * 
Patterned thin !41e „ / . 

-*--«. h.v ias «. in «r 1 M4 , ef desired , hipM „ ^ " 

:<!#;. Predetermined cress cf ; „ d 
fcrxed by -„,. e-.chin, process ... si ; vsr . r . 2;j> 7 

" leadS Predetermined fe ... ... 

*•«. -h.» need be . e„d the die pad „„,„„.,.. ^ 

Pr8S "*' •--*>« t, is sheet la bc: , 

direction c , th . tMckn „ s 4RS <ir . etl8Rj ?er?erdicL .. i . 

-eac pitches of ie ad frames s ,- Pf - 0 . 

' ilnce " h « thin sheet ^s 
etched iron both the ma 3 or , crf . eM sho „ n in m _ 

d,ri.n ? the process . u ^ ^ ^ 

"* 3 "••>-— ^epe, that t , e ra . u „ t p0Miw . 

intervals between the lines a-e 

a.e _.. L K e range of 50 to 100% 

of "-he thickness of the thin sheet. Prom the viewpoint Qg 

f ° rmin9 " e ° Uter ICad haVi ^ ^ f-ffici.nt strength, 

generally, the thickness of the -hin sh « t • 

w..e .nin sheet must be about 

0.125 mm or above p., w 

furthermore, the width of the inner 

«re bonding. when the etchin, process as iterated <n 
•W. U is employed in f .bric.-.in 9 a iead f rame. a thin 

sneet of a small thickness < •> r k 

mckness « the range of 0.125 to 0.15 mm 

is used and inne** * 

* eadS 3re formed >y etching so that the 
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fine tips thereof are arranged at £ pitch of abcut :. 
mm. 

However, recent .x;r.:c:.:e resi.-.-er.cacsula: 
serr.icc-ductcr package requires inner leads arranged 
cizzr.es ir. the range cf C.12 :: :.:5 mm, far smaller tr 
C.lc'S mm . When a lead frame :s fabricated by processing 
thin sheet of a reduced thickness, the strength cf t 
outer leads cf such a lead frame is not large enough 
withstand external forces that -ay be applied thereto 
the subsequent processes including an asse.-r.bl ir.g proce: 
and a chip mounting process. .-.ccrrcir.gl y, there is a iim: 
to the reduction of the thickness cf the thin sheet t 
enable the fabrication of a -mute lead frame having fin 
leads arranged at very sr.ali pitches by etching. 

An etching method previously proposed to cvercorr. 
such difficulties subjects a thin sheet to an etchin 
process to form a lead frame after reducing the thicknes. 
of portions cf the thin sheet corresponding to the inne; 
leads of the lead frame by half etching or pressing to forrr 
the fine inner leads by etching without reducing the 
strength of the outer ieac's. However, problems arise in 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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is unsatisfactory, the inner leads cannot be fcr.-.ed 
flatness and a dimensional accuracy required to clam- 
lead frame accurately for bending and mcldinu, ar.z 

plate-akin? process must be receated tv — • 

fabricating process intricate. :- is e:sc necessary : 
repeat a pietemaking process twice when the thickness z. 
the portions of the thin sheet corresponding to the inner 
leads is reduced by half etching before subjecting the thin 
sheet to an etching process for forming the lead frame, 
which also rr.akes the lead frame fabricating process 
intricate. Zhvs , this previously proposed etching method 

™ yer b€en a -=?- ie = '* practical lead frame 
fabricating processes. 

C SUBJECT MATTERS TO BE SOLVED BY THE INVENTION J 

Cn the other hand, because a pitch among inner leads 
is made narrow as the number of terminals is increased, it 
is considered important to know whether a problem is caused 
or not in association with position shift or Coplanarity of 
an outer lead when implementing a chip mounting proc ss. 
Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, 
and an ob 5 ect ; of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 



10 



and resolving problems which are caused in essoc; 
position shift and coplanarity c: ar. outer lead. 

! MEAN'S rCS SOLVING THE SVSJZZZ >:.-~7Zr.S- 

According to one aspecz of the present 
--here is provided a resin-encapsulated semiconduc: 
using a lead frame which is shaped 'in accordan: 
two-step etching process to a body wherein a th- 
inner leads is less than that of the lead frar 
comprising: inner leads having the thickness less ■ 
cf the lead frame blank; and terminal columns i: 
connected to the inner leads and having the sene t 
with the lead frame blank, the terminal columns pc 
a column-shaped configuration which is adapzec 
electrically connected to an external circuit, the 
columns being disposed outside of the inner leac 
manner such that they are coupled to the inner lea 
direction orthogonal to the thickness-wise di 
thereof, the terminal columns having terminal p 
arranged on top ends thereof, the terminal portion: 
made of solders, etc. and exposed to the outside b € 
resin encapsulate, outer surfaces of the terminal c 
also being exposed to the outside beyond the 
encapsulate, each inner lead possessing a recta 
cross-section and having four surfaces including a 
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surface, a seccnd surface, a third surface and a f re- 
surface, the first surface being flushed with cr.e sur: 
cf a rer..c.r.ing poitior. of cr.e inner lead having the s 
thickness with the lead frame =1 = .-..-: while rei.-.o zzzzsez 
the second surface, and each of the third and feu- 
surfaces having a concave shape depressed toward the ins; 
cf the inner lead. 

According to another aspect of the present inventic 
there is provided a resin-encapsulsted semiconductor cev; 
using a lead frame which is sr. a pec i- accordance with 
twe-step etching process to a body wherein a thickness 
inner leads is less than that cf the lead frame blam 
comprising: inner leads having the thickness less than th* 
of the lead frame blank; and terminal columns integral: 
connected to the inner leads and having the same thioknes 
with the lead frame blank, the terminal columns possessir, 
a column-shaped configuration which is adapted to b 
electrically connected to an external circuit, the termina.' 
columns being disposed outside of the inner leads in c 
manner such that they are coupled to the inner leads in e 
direction orthogonal to the thickness-wise direction 
thereof, portions of top ends cf the terminal columns being 
exposed to the outside beyond a resin encapsulate, outer 
surfaces of the terminal columns also being exposed to the 
outside beyond the resin encapsulate, each inner lead 
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possessing a rectangular cress-section and hav;:.: f 
surfaces including a first surface, a sezcr.d surface, 
tnird surface and a fourth surface, the first surface ce: 
flushed with one surface of a remaining pert i cr. cf : 
inner lead having the sar.e :h;:i;:.es.s with the lead frame 
blank while being opposed to the second surface, and earn 
of the third and fourth surfaces having a concave shape 
depressed toward the inside of the inner lead. 

According to another aspect cf the present invention, 
a semiconductor chip is received inward of the inner leads, 
and electrodes (pads) cf the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According to another aspect of the present 
invention, the lead frame has a die pad, and the 
semiconductor chip is mounted onto the die pad. According 
to another aspect cf the present invention, the lead frame 
dees not have a die pad, and the semiconductor chip is 
fastened to the inner leads using a rernforcing fastener 
tape. According to still another aspect of" the present 
invention, the semiconductor chip is fastened by means of 
insulating adhesive to the second surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the first surfaces of the inner 
leads through wires, respectively. According to yet still 
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another aspect of the present invention, the sen::-:::::: 
chip is fastened to the second surfaces cf the inner leads 
oy bur.pc thereby u be electrically connected to tne inner 
leads. In the above descriptions, in the case mat the 
terminal columns have terminal portions which are arranced 
on top ends cf the terminal columns, with the terminal 
portions made cf solders, etc. and exposed to the outside 
beyond the resin encapsulate, while it is the norm that the 
terminal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, it is not 
necessarily required for the terminal portions to be 
projected beyond the resin encapsulate. Moreover, while it 
is possL'ole to use the outside surfaces of the terminal 
columns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terminal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS) 

The resin-encapsulated semiconductor device in 
accordance with the present invention can meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because the 
forming process of the outer leads as in the case of using 
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a mono-layered iead frame shown in FIG. 12 (b: is 
required, ir is possible to provide a semiconductor d*v - 
in which no protl ;.-..■> art caused in association wit 
position shift and coiplanaricy zi the cuter leads. ;.; r r 
particularly, the use of a multi-?ir,r.ed lead frame shir- 
in a r.anner that inner leads have a thickness less tna: 
that of the lead frame blank by a two-step etching process, 
rhst is, the inner leads are arranged at a fine sLzc'r., car 
meet a demand for an increase in the pin number zi the 
semiconductor oevice. Furthermore, by using the lead frame 
which is fabricated by a two-step etching process as will 
be described later with reference to FIS. 1, the second 
surface of each inner lead has copianarity, and is 
excellent in wire-bending property. In addition, since the 
first , surface of the inner lead is also a flat surface and 
the third and fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
copianarity width upon wire bonding -process can be 
enlarged. 



[EMBODIMENTS] 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment cf the present invention 
described hereinafter with reference to FIGs. 1 
FIG. 1(a) is a cress-sec .icr.al view cf zr.e 
encapsulated semiconductor device acccrcinc tc z'r.z 
embodiment of the present invention.. FIG. 1 :b) is a 
sectional view of an inner lead taken alcng the lint 
of I G . 1(a), and FIG. 1(c) is a cress-sect icnal vie 
terminal column taken along the line 51-52 cf .FIG . 
Moreover, FIG. 2(a) is a perspective view cf the 
encapsulated semiconductor device according ;o the 
embodiment of the present invention, FIG . 2{b) is a 
view cf the resin-encapsulated semiconductor device o 
2(a), and FIG . 2(c) is a bottom view of the 
encapsulated semiconductor device of FIG. 2(a). in F 
and 2, a drawing reference numeral 100 represents a : 
encapsulated semiconductor device, 110 a semiconc 
chip, 111 electrodes (pads), 120 wires, 130 a lead 1 
121 inner leads, 13iAa a first surface, 131Ab a s 
surface, 131Ac a third surface, 131 Ad a fourth surface 
terminal columns, 133A terminal portions, 132B 
surfaces, 133S a top surface, 125 a die pad,, and : 
resin encapsulate . 

In the resin-encapsulated semiconductor d< 
according to the first embodiment, as shown in FIG. 
the semiconductor chip 110 is placed inward of the ; 
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ieacs 23:. , s caa be reddi:> . |||a ^ r?G 
semiconductor chip 120 is mo . Jnr£ , or ^ ^ ^ 
surface therec: which is opposed to the other s — 
thereof where the electrodes pa -, ; ... " . V " 
^conductor chic 2:0 are arranged.. Zac, electee c*; 

1* electrically connected the se::,: su-*-. 
= i ir.r.er leed 231 thrown -.he wire ; 2: . T , e 
e«r..c-.icr. between th. r..lr..«,..p. Bl « rt 5emie=r . s , c ." = " 
=-.vi=. SCO of this . ad a , ex , erra . elr _ : ;s 

achieve- bv r.cun-- — 

, ...e -esir.-e.-.capsuleted semiccnductc- 

device 133 via the terr.ira* s — 

" - w - s each bei.-.o made 

= a semi-spherical solder, on a printed circuit substrate. 
^ the terminal portions 233A located on the top surfaces 
133S c - , he . tsjaiMl ::>2> res?ec . ;veiv ^ 

-sin-encapsulated semiconductor device of the f irs . 

emccbir.ent of the present invention, ■- - s rn . „ 

, -s not necessarily 

required to provide a protect ve ---a™ iq, 

--ojne 190, and instead, a 

structure, as shown in FIG. M a » - n ^ „v 

-( = .', -n whtcn no protective 

frame is used can be adopted. • 

The lead frame 130 used i, the semiconductor device 
200 according to the first embodiment is made „• a <2* 
ni^el-iron alloy. Therefore, the lead frame 130* which 
has a contour as shown in riG. S,a> and is shaped by an 
•tehing process, i s used as the lead frame 230. The lead 
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thickness less then that of the terra- .-.el column* 123 ; 
other portions. Dam bars 136 serve as a re- w.-.e 
encapsulating the semiconductor chip 110 with a -* s • - 
Moreover, although the lead frame 13CA which is crr - e5£e 
by etching to have the ccntcur as. shown in r:;-. r.a 
used in this embodiment, the lead frame is not limited tc 
such a contour because portions except the inner leads 131 
and the terminal columns 133 are not necessary. - The inner 
leads 121 have a thickness of <C Cm whereas the portions 
of the lead frame 130 ether than the inner leads 121 have a 
thickness cf C. 15 mm which corresponds to the thickness of 
the lead frame blank. The ether portions cf the lead frame 
120 except the inner leads 121 may not have the thickness 
of 0.15 mm, but have a thickness of 0.125 mm-0.50 nun which 
is thinner. The tips of the inner leads 131 have a small 
pitch of 0.12 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
121Ab cf the inner lead 121 has a substantially flat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG. Kb), because the third and fourth faces 
132Ac and 131Ad have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 131Ab is narrowed. 

In the present embodiment, since twisting does not 
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occur in the inner leads 121 irrespective of wr.e-_r.er t. 
inner leads 131 is long or nor. The inner leads r.avir.c tr 
contour, a: shown in FIG. 9 (ay, in which the tics cf tr 
inner leads 121 are separated one :r=.~ a.-.ctr.er. ar 
prepared by the etching process, and the inner leads .; 
resin-encapsulated after mounting the semiconductor ch: 
therecn as will be described later.' However, where tr, 
inner leads 131 are long in their length and have i 
tendency fcr the generation cf twisting therein, it is 
impossible to fabricate the lead frame by etching to have 
the contour as shown in ."3. 5: a) . Therefore, after 
etching the lead frame in a state where the tips of the 
inner leads are fixed to the connecting portion 1313 as 
shown in FIG . 9(0(0, the inner leads 121 are fixed with 
the reinforcing tape 160 as shown in FIG . 9(c) (□). Then, 
the connecting portions 1213 which are not necessary in the 
fabrication cf the resin-encapsulated semiconductor device 
are removed by a press as shown in FIG. 9(c) (/n), and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resin-encapsulated semiconductor device will now be 
described with reference to FIG. 6. First, the lead frame 
130A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. e(a)). 

Then, the semiconductor chip 22C - s mounted or.tc 

cie pad 215 such tr.at the surfaces of the semicc-.d 

chip 220 en which the e2ectrcdes ::: £re arranged,^ 

directed upward {FIG. 3(b)). 

Next, after the semiconductor chip 220 i S faste.-.ec 
onto the die pad 125, the electrodes m c f the 
semiconductor chip lie and the second surfaces 23l=>> cf , he 
inner leads 131 are bonded with each ether using wires 21C 
[FIG. £(c}). 

Subsequently, encapsulation is carried cut with the 
conventional resin encapsulate 240. Thereafter, 
unnecessary portions of the lead frame 230 which are 
protruded fro. the resin encapsulate 2<0 are cut by a press 
to form terminal columns 133 and also the side surfaces 
2333 cf the terminal columns 233 :F2G. 8(d)). 

Then, the dam bars 236, the frame portions 237, etc. 
of the lead frame 130A as shown in .FIG.' 9 are removed. 
Next, the terminal portions 233A each made of the semi- 
spherical solder are arranged on the outer surface of each 
terminal column 233 to fabricate a resin-encapsulated 
semiconductor device (FIG. 8(e)). 

Thereafter, the protective frame 180 is arranged by 
means of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfac s 
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cf the terminal columns 123 are covered thereby TZZ 
6!f;;. At this time, the protective frame IrC functicr.s : 
reinforce the semiconductor device. In ether ;/crc's, tne 
protective frame 180 serves :: prevent moisture zrz m 
leaking into a cap between the resin encapsulate arc tne 
terminal columns due to the fact that the sice s-rrsres z : 
the terminal columns are exposed to 'the outside, wherecy a 
crack is not formed in the semiconductor device and the 
breakage of the semiconductor device is avoided. However, 
persons skilled in the art will readily appreciate that it 
is not necessarily required to prcvide the protective frame 
ISC. Also, when such an encapsulating process by the resin 
is carried out using a desirec mold, the encapsulating 
process is implemented m a state wherein the outer side 
surfaces of the terminal columns of the lead frame are 
somewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
embodiment will now be described in conjunction with the 
attached drawings. FIG. 11 'is of cross-sectional views 
respectively illustrating sequential steps of the etching 
process for the lead frame of the first embodiment. In 
particular, the cross-sectional views of FIG. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG. 11, the reference numeral 1110 denotes a lead frame 
blank, 1120A and 1120B resist patterns, 1130 first opening, 
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1140 second openings, 1150 first concave pernors, lie 
second concave portions, 1110 flat surfaces, and 1 1 ? C a: 
etch-resistant layer. First, a water-soluble casein resist 
using potassium dichrorr.ate as a sensitive agent is coated 
ever both surfaces of the lead frame blank 1111 r.aee :: a 
42i nickel-iron alloy and having a thickness cf about C.15 
mm. Using desired pattern plates, the resist films are 
patterned to form resist patterns 1 12CA and 11203 having 
first opening 1130 and second openings 1140, respectively 
;r:S. 11(a)). 

The first opening 1130 is adapted to etch the lead 
frame blank 1110 to have a flat etched bottom surface to a 
thickness smaller than that of the lead frame blank 1110 in 
a subsequent process. The second openings 114 0 are adapted 
to form desired shapes of tips cf inner leads. Although 
the firs- opening 1130 includes at least an area forming 
the tips of the inner leads 1 1 1 C, a topology generated by 
partially thinned portion by etching* in a subsequent 
process can cause hindrance in a taping process or a 
clamping process for fixing the leed frame. Thus, an area 
to be etched needs to be large without being limited to 
fine portions of the tips of the inner leads. Thereafter, 
both surfaces of the lead frame blank 1110 formed with the 
resist patterns are etched using a <8 3e ' ferric chloride 
solution of a temperature of at a spray pressure of 
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2-5 kg/c»=. The etching process is :erx:na:ec at :,e c:; 
of tine when first recesses 1150 etched to have a f: 
etc,ed botton, surface ha.e a depth h correspond.^ :s ■ 
cf the thickness cf the lead fra- e blank : r:3. 

Although both surfaces cf the. lead frare clar.k 111 

are si.tu! taneously etched in the cri.T.s-v e 

. — .o.y e g pr::ess 

^ net necessary to simui-.ar.eocsly eroh lsrt|B( . 

-J» :«d mo. the reason w Ry fcesft str , s:es c 

:m< "*~ blMk 1110 *^:t..,.«, :y . tsy .. a . „ ... 

-his e.thcdi.t..-.r, is to reduce -.:,e etc--- . . 

__rr.e z = Ker. ir* a 

secondary erchinc process as wii: ce described later. The 
— -- -.i.te tafc.n for the ? ri,ary s,d secondary etchino 
Presses is iess than that ...„.„ ; , th . , f ..^ J 

8!Sly ^ * :U " *« -*« »-«=• on which sh . 

-sis, pattern » 2DB is fcr ., e= , ^ 

provided with the first -..„„. -- t , 

--es.es respectively etches 

«= "-he first opening ,- 30 e , :ire , y ^ ^ 

e-.ch-resistent hot-.eU wax , aC idic wax type MR . WB6 , The 

layer 1280 so as to fill ud 

P -* rs - recesses 1250 and to 

cover the resist pattern 2120A (FIG. 21 lC )>. 

It is not necessary to coat the etch-resistant 2aye~ 
UIO over the entire portion of th . surface pmiM ^ 
th. resist pattern 2120*. However. lt is prefcrred thflt 
the etch-resistant layer 2280 be coated over the entir 
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pcrticr. of the surface forced with the first recess* 
and first opening 1230, as shewn ir. FIG . 12 :o, rec= 
is difficult to cost t.ne etch-resistant layer 21rC c 
the surface pcrticr. including the first recesses 
Although the etch-resistant layer 2 2 50 wax employed : 
embodiment is an alkali-scl uble wax, any suited 
resistant to the etching action of the et chant scluti: 
regaining somewhat soft during etching may be used, 
for forming the etch-resistant layer 1260 is net limit 
the above-mentioned wax, but -ay be a wax cf a -jv-se 
type. Since each first recess 11:0 etched by the or 
etching process at the surface formed with the pa 
adapted to form a desired shape of the inner lead t: 
filled up with the etch-resiscant layer 1180, it is 
further etched in the following secondary etching croc 
The etch-resistant layer 11£0 also enhances the mechar 
strength of the lead frame clank for the second etc 
process, thereby enabling the second etching process t< 
conducted while keeping a high accuracy. It is . 

possible to enable a second etchant solution to be spr. 
at an increased spraying pressure, for example, 2.5 kg 
or above, in the secondary etching process. The increc 
spraying pressure promotes the progress of etching in 
direction of the thickness of the lead frame blank in 
secondary etching process. Then, the lead frame blank 
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subjected to a secondary etching process. Ir. tr.ts 
secondary etching process, the lead frame blank 1111 :s 
etched at its surface formed vit.n first ztcesses 11.-. 
having a fiat etched bet to- surface, to completely 
perforate the second recesses 116:, therecy forming t.-.e 
tips cf inner leads 151A (FIG. 11. si). 

The bottom surface 1170 cf each recess formed by the 
primary etching process is flat. However, both sic? 
surfaces of each recess positioned at opposite sides of the 
bottom surface 1170 have a concave shape depressed toward 
the inside cf the inner lead. Then, the lead frame blank 
is cleaned. After completion cf the cleaning process, the 
etch-resistant layer 1180, and resist films (resist 
patterns 1120A and 11203) are sequentially removed. Thus, 
a lead frame 130A having a structure of FIG. 9(a) is 
obtained in which tips of the inner leads 131A are arranged 
at a fine pitch. The removal cf the etch-resistant layer 
1280 and resist films (resist patterns 1120A and 1120B) is 
achieved using a sodium hydroxide solution serving to 

dissolve them. 

The processes for manufacturing the lead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment cf the present invention, which have a thickness 
less than that of the lead frame. Especially, the first 
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surfaces 131Aa of the tips of the inner leads as show., 
FIG. 2, are flushed with one surfaces of refining pert, ens 
of tne inner I 2 ads having the same thickness with the lea. 
fra.T.e while being opposed to the second surfaces s -- 
the third and fourth surfaces are fo.rrr.ed to have a concave 
shape which is depressed toward the --s-^e c* - 
leads. Where a semiconductor chip is mounted on the seccr.c 
surfaces 131Ab of the inner leads by means of bumps fcr an 
electrical connection therebetween, as in . semiconductor 
device according to a third embodiment as will be described 
hereinafter, an increased tolerance for the connection by 
cumps is obtained when the second surface 13'Ab has a 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in FIG . 22 is 
adopted in this case. The etching method shown in FIG. 12 
is the same as that of FIG. ia association with its 

primary etching process. After completion of the primary 
etching process, the etching method is c6nducted in a 
manner different from that of the etching method of FIG. n 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses 1160 by the etch-resist layer 1160, thereby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1K0 is performed in a 
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sufficient manner. The cross section of each i-— 
inclucing its tip, forced ir. accordance with the 
met.nod ox FIG. 12, has a concave S ha ?e oepressed tcw«rc t..e 
inside of the inner lead az the second sur* — 
shewn in FIG. 6 fb) . 

The etching method in which the etching: process is 
conducted at two separate steps, respective--, £S in that 
cf FlGs. 12 and 12, is generally called a "two-step etching 
method". This etching method is advantage-* in that a 
desired fineness can be obtained. The etching method used 
to fabricate the lead frame : 3 CA cf the first embodiment 
shewn in FIG. 5 involves the twe-step etching method and 
the method for forming a desired shape cf each lead frame 

portion, while reducinc t"-e - - •• ~ i— * * « - 

- w - e --ess o: eecn pattern 

formed. m particular, the etching method makes i-_ 
possible to achieve a desired fineness. In accordance with 
the method illustrated in FIGs. 21 and 22, the fineness of 
the tip of each inner lead 13i A formed by. this method is 
dependent on the shape of the second recesses 1160 and the 
thickness t of the inner lead tip which is finally 
obtained. For example, where the blank has a thickness t 
reduced to 50 Dm. the inner leads can .nave a fineness 
corresponding to a lead width Wl of 100 Dm and a tip 
Pitch p of 0.15 mm, as shown in FIG . 11(e). In the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl of 70 Dm, it is possible to form inner leacs 
having a fineness corresponding to an inner lead pit" z z : 
0.12 .xt,. Of course, it may be possible to fcrm inner .e = : ; 
having a further reduced tip pitch by adjusting tne clan!-: 



thickness t and the lead width Wl 



at is to say, an 



inner lead tip pitch p up to 0.08 rtr,, a blank thickness -t 
to 25 Cm , and a lead width Wl up to 40 Cm can re 
obtained. 

In the case where twisting of the inner leads does not 
occur in the fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG. 9(a) can be directly obtained. 
However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner ieads are bound to each other 
by a connecting member 1313 as shown -in FIG. 9(c) (*f). 
Then, the connecting member 131B which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a press to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9(c) ( -f ) are cut to 
obtain the lead frame having the contour shown in FIG. 
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5(a), a reinforcing tape 1£; a pclyimice :act . 
generally ,sed, as shown i, ?:s . c,,,,,, ^.'.^ _ 
connecting menbe. 2313 is cut off by ne£ ., s cf £ „ rM< ; 
cccai.n.the center shewn in Fl Z . * ■ - . ■ o j . a se -. . 

device is mounted on the -- a e . . . 

c -- s - : -- r.av.-z tr.e 

reinforcing tape attached therecn. Also, the -f.r.tec 
semiconductor device is encapsulated with a resin in I 

condition where the lead frame still has the tape. " r.J 

line E11-E12 illustrates a cut pcrticn. 

The tip of the inner lead 111 ~- .... 

-- e -eca rra-e jse: 

ir. the semiconductor device = : :, :s fir£ , embodiment has a 
cross-sectional shape as shown :, F13. 13<< )fs >. The tip 

131.-. has an etched flat su--*e~e 

- c ~ e -second surface) I31AP 

which is substantia 1 1 v : , 

w " a - y " aa - c " 2 --erefore has a width wi 

slightly greater than the wid-~ ^ 

— =n opposite surface. 

The widths wi and K2 (abo— • n-, . 

°- ---- more than the 

width » at the central portion of the tips when viewed in 
Che direction of the inner lead thickness-. Thus, the tip 
Of Che inner lead has a cross-sectional shape having 
opposite wide surfaces. To this end, although either of 
.he opposite surfaces of the tip 231.A can be easily 
electrically connected to a semiconductor device (not 
shown, by a wire 120A or 120B, this embodiment illustrates 
Che use of the etched flat surface for wire-bonding as 
shown in FIG. 13( o )(a) . In FIG . 13, a reference numeral 
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131Ab depicts an etched flat surface, 2 32Aa a surfcre c: a 
lead frame blank, and 221A and 1215, respectively, - cl£tec 
portion. In the case of 1- IG. 12,2; . £ , , zhere has 
particularly excellent in wire-bcr.dir.c property, because 
the etched flat surface does net have roughness. TZZ . 
13 (^) shows that the tip 12315 c: the inner lead cf tr.e 
lead frame fabricated according to the process illustrated 
in FIG . 14 is wire-bonded to a semiconductor device. In 
this case, however, both the zzpzsize surfaces cf the tip 
12215 cf the inner lead are flat, but have a width smaller 
than that in a direction cf the inner lead thickness. In 
addition to this, as both the cppcsite surfaces of the tip 
13315 is formed of surfaces cf the lead frarr.e blank, these 
surfaces have an inferior wire-bonding property as compared 
to that cf the etched flat surface of this first 
embodiment. FIG . 13 <-} shews that the inner lead tip 
1331C or 1331D, obtained by thinning in its thickness by a 
means cf a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown); In this 
case, however, a pressed surface cf the inner lead tip is 
not flat as shown FIG . 13 ( - ) . Thus, the wire-bonding on 
either of the opposite surfaces as shown in FIG. 13( — ) (a) 
or FIG. 13( — )(b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 
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A modified example of the resir.-encapsula- 
semiconductor device in accordance with the 
embodiment of the present invention will cescric- 
hereinafter. FIGs. 2(a) through 2 :e> are :::ss-s*::;:- a 
views cf -he modified example of the resin-encacs -late 
semiconductor device in accordance with the firs 

embodiment cf the present invention. ~- e so ~- : 

device of the modified example as shown in r; 3 . 3 (a), i: 
different from that of the first embodiment in that a 
position of 'the die pad 125 is chanced, -.hat is, the die 
pad 135 is exposed to the outside. By the fart that the 
=ia pad 125 is exposed to the outside, the heat dissipation 
property is improved as compared to the first embodiment. 
Also, in the semiconductor device of the modified example 
as shown in FIG. 3(b), because the die pad 135 is exposed 
to the outside, the heat dissipation property is improved 
as compared to the first embodiment. Unlike the first 
embodiment or the modified example as shown, in FIG. 3(a), 
in the present modified example as shown in FIG. 3(b), 
because a direction of the semiconductor device 110 is 
changed, the first surfaces cf the lead frame are 
established as the wire bonding surfaces. The modified 
examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 
semiconductor devices which are obtained by modifying the 
semiconductor devices of the first embodiment, the modified 
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example as shown in FIG. 3(a) and the modified example as 
shown in FIG. 3(b), wherein the semi-spherical solders are 
not used, and instead, the top surfaces c: me teimir.al 
cclu-r.s are directly used as the terminal pcrtic.-.s, w.-.erecv 
an entire manufacturing procedure car, be simrli : :e = . 

Next, a resin-encapsulated semiconductor device ir. 
accordance with a second embodiment cf the present 
invention will be described. FIG. 4 (a, is a cross- 
sectional view of the resin-encapsulated semiconductor 
device in accordance with the second embodiment cf the 
Present invention, FIG. 4(b) is a cross-sectional view 
illustrating inner leads, taken along the line A3-A4 C f 
KG. 4(a), and FIG. 4(c) is a cross-sectional view 
illustrating a terminal column, taken along the line 33-34 
of TZZ. 4(a). Because an outer appearance of the 
semiconductor device of the second embodiment is 
substantially the same as that cf the first embodiment, it 
is not illustrated in the drawings. i„ „Gr 3, the drawing 
reference numeral 200 represents a semiconductor device, 
210 a semiconductor chip, 211 electrodes (pads), 220 wires, 
230 a lead frame, 231 inner leads, 231Ab a second surface, 
231AC a third surface, 231Ad a fourth surface, 233 terminal 
columns, 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 240 a resin encapsulate. and 270 a 
reinforcing fastener tape. In the semiconductor device of 
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this second embodiment, the lead *^ip- 7^ • 

--eir.e ^ J L) coes net have - 

die pad, the semiconductor • 

" ^ is raster.ee to t-« 

inner leads 231 by the reinfc— -~ - 

* -«-er.er tare 2~ Z 

the semi conductor chip 210 is electrica-v 

electrodes (? acs> 222 to the second . surfaces 2 y~ -V 

inner leads 231 by wires 220. Also, in the case of thts 

second embodine**'- e .• _ „ . 

u - ,r,K -' - * Sa.m_j,ariv to -r<» 

. -ne --rst emoooiment, t.-.e 

electrical connection betwe-r -k. ~ 

• n w ' e ^^.-encapsulated 

semiconductor devirp ;n ~* . ■ 

^ier.. c.-.c an external 

circuit is achieved by mour.tiro ~* c . 

r -..e -esi.-.-encapsulated 

semiconductor device 20C via 

-e.rn.na2 portions 233A 

each being .-.ace of a semi-so'—^ ■ 

s? a. solder, on a printed 

circuit substrate, with tv» - e --v---. „ 

.e.m... c . portions 233A located 

on the top surfaces 2--S . 

— ...e .ermmal columns 233, 

respect ivelv. 

In addition, the ser- : : «• 

se s: oevice of zh . s second 

and 10(b). The manufacturing methed of t|ft sfimiconductor 
device of cms embodiment using the lead frame 230A which 
is shaped by the etching process is substantially the same 

as that of the first embodiment -xceot rh af k-, 

-x^ept that, while in the 

case of :he flr „ embodimen: , ;he usre bonains precess ^ 

--.sin encapsulate, Precess „. p „ formed in a jtate 

"herein :he se.iconducror cMp is fistened „ t|w 
leads. in th . case „ f ^ ^ 
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bonding process and re «<- M ~ • 

— en -«P*^-tias process 
Per.orn.eo in a state wherein the s^-~,...~ 

r-astene. together with the iantr ^ 

r.ir-rci.-.g fastener tape 27D. A: 

> fc- .... '"* 

n «""ry pcrticr.s a.-.d . : :, e 

»-»• n-.an.ner by which the lead -, ra 

B -• -3CA as ,howa in ns. 

- .e> is obtained. In other words 

- . ' ""-ns =he resultant 

■—w.Br. ootained after etch--- -w. 

r-~ .... „ "* as shown i„ 

*0:eM-f; f the contour as • 

<=s s..cwn ia FIG . 20 (a) *, 

obtained. At this 

^ "nv.ntion.1 reinforcing 

; ^ t3Pe "P.. as shown in FIG 

-0{c) (O), which performs a reinforcing faac5ion is 

rIG - 5(a) through 5'c) e - e .... 

"•"-••ction.l views 
■" uS:ra:i "3 Edified exanoles o* -k. e • 

. ' °- semiconductor device 

°- "he second embodiment. T he s „ m ,_ M 
shown in r, c 5f .. . „. —/conductor device as 

» - * ><a) as different from tne semiconductor 
-ice of the second embodiment, in thac che ^ 
semiconductor chip thereof ^ ^ ^ ^ 

directed downward. The modified examn'^ 

examp.es as shown in riGs. 

- MO. «l«t«. S e„ iconduc , 0I devic „ uMch 
«c ond embodi „ ent ind the mMifiea ^^^^ ^ ^ ^ 



»*!»« vj 



34 



9-8205 



SO), wherein the semi- spheric£i ^ ^ ^ = 

instead, the top surfaces C f the ter.T.i.-.al 
erectly usee as the terminal portions. :, thesT^---! 
-oa.se a protective frame is R8S U£5d ^ 

surfaces 2135 of the -e-7,--*- — • 

-e....... c _ ..-.•• ? r.s C23 are e.v=cs ec - 

-~e outside, a checking operation by a rest, etc. 
easily performed. 

H«.!»f-..r, a r.sc.,-e r .c, P ._...... 

=.vcc, 1„ accordance „__„ , _...__ ___,_,,„„. _____ 

18vts " ss «" * -««»-. r: 5 . «... . 

se=c io .,.: ,,ew o f ceacc-eccaps^ce, se^cc^cJc 

c-ev.ee „_ -.,e -.,,.-= e,=cc„e,c. r: 3 . (tb! „ , 

sectional view illustrating •• — e . ■_„ 

-ng ..... e . _ eacs , taken along the 

--r.e A5-A6 of FIG. 6(a), and FIG . €.c) «, a e ~. 

-s a cross-sectional 
vcew illustrating a terminal col urn- -ake~ 

' - a *«^ along the line 

= 5-55 of FIG. 6(b). Because a- -__-__,. - 

a.. wL.er appearance of the 
semiconductor device of -k__ --«. -w • . 

— • s thira embodiment is 

substantially the same as that o< -k. 

wr.aw o. .he first embodiment, it 

is not illustrated in the drawiaos. m pis V . 

-s- in .iyj. 6, the drawing 

reference numeral 300 represents a semiconductor device 

310 a semiconductor chip, , 12 buTips , 230 fl ^ ^ ^ 

inner leads, 331Aa a first sur'ace 33i*n 

sur.ece, 331Ab a second surface, 
331Ac a third su"*ar*» •i-jmw 

su-ace, 33,Ad a fourth surface, 333 terminal 

columns, 333A terminal portions 3 33B mir4 

H °" S ' 3338 Sid e surfaces, 333S 

top surfaces, 340 

340 a resxn encapsulate, and 350 a 
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reinforcing fastener rape. ^ -u p co . 

F semzconcucror device : 

this third embodiment, the semicond-j-c- — 

" " ' r 2 - w i 

fastened to the second surfaces 33-Afc cf the inner ~~ 

'-2- by the buasps 311 thereby tc be electrics ** ••• 

-o the second surfaces 331Ab. 7h« -. e a- 

. - e a „ - - ere c ;-.£ S 

contour as shown in FIGs. 10(a, and 10-;, which :s fcr.ee 
^ the etching process of FIG. 11. As , how . 

13{ °' bJ ' b ° th WidthS W1A an = «A (about ICO □„ « ^ ? 

end bet to- ends of the inner ea-s "3- - 

-ecs .3. s:e than a 

wtcth v;a st 5 center do-- • c- ■■ - - 

■ c '- -•' c -"- = <ness-wiss direction. 

~'" e "~° ths fact tha " the second surfaces 3^* Ah • 

ad .r,e inner 

leads 331 is depressed toward the i—'d. . 

ae »_ che inner leads 

•nd the first surfaces 33:,a are flat. . desired 
e« be obtained. Also, when -.he second 3 31Ab o £ 

inner ieads 33! are electrically connected „ ^ 
.-leond.e-.ox Chip via bumps, easy connection can be 
accomplished as shown in fl 5 . :„o,, b) . Further , ^ 
case of this third embodiment, as in the case of th. flrst 
•nd second embodiments, th . electrical connection between 
the resin-encapsulated semiconductor device 300 of this 
embodiment and an externa! circuit is achieved by mountin, 
the resin-encapsulated semiconductor device 300 via the 
terminal portions 333A each bein, made of a semi-spharica! 
solder, on a printed circuit substrata, with the terminal 
Portions 333* located on the top surfaces of the terminal 
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columns 333, respectively. 

In addition, unlike the semiconductor device c: 

iirst eir.bodiir.ent, the semiconductor device cf t'--s 
embodiment uses a lead frame which is shepec by th* 
process as shown in FIG . 12. However, the ma. -.u far tun.-.: 
nethod of the semiconductor device of this embcdirre- - •» 
substantially the same as that of the first embodiment 
except that, while in the case cf the first embodiment, the 
wire bonding process and resin encapsulating crcces; 



are 



1C Derfcr.T.ed 



fa: 



' s st£re therein the semiconductor chio - s 
istened to the inner leads, in the case cf this third 
embodiment, the wire bonding process and resin 
encapsulating process are performed in a state wherein the 
semiconductor chip 310 is fastened to the inner leads 331 
via the bumps. Also, the cutting process for the 
unnecessary portions and the terminal portion forming 
process after resin encapsulating process are implemented 
in the same way as the first embodiment. 

FIG. 6(d) is a cross-sectional view illustrating a 
modified example of the semiconductor device in accordance 
with the third embodiment of the present invention. In the 
modified example of the semiconductor device as shown in 
FIG. 6(d), the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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portions. Because the protec-*"- 

^ e --awe :s r.oc usee ar.z 

side surfaces 3333 of the ter.-r.--a- ~ 0 i.,~, 

<=- -o_j s - ^ 3 are expej 

to the outsioe, a checking operation by a test, e - 

easily performed. 



s e rr. -' — ~ — ~> • 



Hereinafter, a resin-encapsulated 
'•vice in accordance with , 5oBsth erioSinie ., ; „. "J. 
present invention will be described. r:s. 7 ( „ ; s a :r:ss 

sectional view o* t K B 

o. the resi.n-er.capsuiated seal conduct c 

device of the fourth embod'*-— - r-r 

- 'to) -s a cross 

«c-.i=,.l view illustratin, i,,er leads. aion . 
ilr.. A7-A6 of riG. 7, a) , a,d r:3. „ e , . cross-section, 
view illustrating a terminal ccl„r., -.anen alor.o Ma . 
B7-" of no. „„,. 3ecaus. an ou-.er appearance of the 

semiconductor device of th« f ^ v. 

— - s fourth embodiment is 

substantially the same as that of the * - - s - em s rt „-< 

- r - e Su embociment, it 

is not illustrated in the dravir.es ^ r T r - 

• • - n rIG - '> the drawing 

reference numeral . 400 represents a semiconductor device. 
410 a semiconductor chip. m pads , „„ a . lea<j ^ 
inner lead,. OM. a first surface. «Ub . second surf.c 
«Uc a third surface. < 3! Ad a fourth surface. <33 terminal 
columns. 03A terminal portions. < 333 side surfaces. «„ 
top surfaces, „, a resin encapsulate, and <70 insulating 
adhesive. I„ the semiconductor device of this fourth 
embodiment, one surface of the semiconductor chip 
which the pads m are disposed is fastenM ^ 
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surfaces 431Ab of the ioner leads 431 by the ;ns,; : 
adhesive 470, and the pads 42- a -~- e..~- 
ol the inner leads 431 are eiec. r.caliy ccr.r.ectec *-h 
cther by wires 420. The semiconductor device cf 
fourth er.bccin-.enr uses the same lead. frame which is use 
the third embodiment, which has the contour as shcwr 
-"3. 10(a) and 20(b). Also, in the case cf this f c. ' 
embodiment, as in the case of the first and see 
embodiments, the electrical connection between the res 
encapsulated semiconductor device 400 o-' 
and an external circuit is achieved by mounting the res 
encapsulated semiconductor device 400 via the termi: 
portions 433A each being mace of a semi-spherical sold, 
on a printed circuit substrate, with the terminal portic 
433A located on the top surfaces of the terminal coluir 
423, respectively. 

<-.w>s>_ se.. ax view illustrating 

modified example of the semiconductor device in accordanc 
with the fourth embodiment of the present invention. ] 
the modified example of the semiconductor device as show 
in FIG. 7(d), the terminal portions each comprising th 

semi-spherical solder are not provided, and the to. 

surfaces of the terminal columns are directly used as th. 

terminal portions. Because the protective frame is not 

used and the side surfaces 433B of the terminal columns 43- 
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e^c. can be easily performed. 
;---.-£C7s or the invention; 

Present invention proves - „ . 

semiconductor device emoloy-c -•' 

• y -? --e aocve-~e • 

*- . . L & a -eac 

-.-ae* is capsOZe of »..-...,, , ^ 
i- =.„ 5 . d :erffiinai n .^ er _ r . jr;herrcre> ^ 

en=. psui . ted , eraicond . Jc . er de 

' °' r -ance wit;- - - , s 

-ver.ticn does not require a F roc« t , ef 

cam bars as in che case - . 

" S - e£= fre ^ having 

- ecds " shown ia r: - 

• .-.s a result -Vs 

--■>. «.in-.n«.p. ul „ M .« eoa<hseS8r dc „ no .7 ' 

-„_u.« ooes not have a 

prcbiem in char m» e a 

unaC the ou "r leads are b-« 

assor . . „ or a Problem 

associated w'-s r+**i ~ 

coplananty. r n 5dd .-,_. _ 

<-o tnese 

-e..._conauctor device h*«: 
a *no.-:e.n, d interconnexion -eno-* - s 

-» • P-s lti c c. P aci ty , ind shorte „ ed - ln a 6d 
time. "nsier delay 
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